ETL 1110-1-160

17 APR 95
APPENDI X E
DESI GN EXAMPLES
The foll ow ng hypothetical exanple illustrates the approach
and procedure used for the cal cul ation and design of a |andfil
gas collection systemfor a 12-acre nmunicipal landfill. This

nodel can be used for m xed and hazardous waste |landfills,
however, consideration for the conposition of the refuse nust be
factored into the cal culations for gas production potential as
wel | as the handling of off-gas.

The foll ow ng exanple is hypothetical. The follow ng
paraneters for the hypothetical site were sel ected:

Site Characteristics

I Landfill Footprint: 12 acres
I Maxi mum Depth at Center point: 70 f eet
I Landfill Side Slope: 3:1 horizontal:verti cal
I Landfill Top Sl ope: 5 %
' Landfill cover area: 620, 000 ft?

Ref use Characteristics
I Ratio of Refuse/Cover Material: 4:1
I  Age of Refuse: 20 years
' |In-Place Refuse Density: 800 #/yd?®
I Capping Mterial: 40 m | HDPE
I Refuse Void Ratio: 4 %

Gas Characteristics

I Gas Constant: 0.08 yr-?
I  Gas Production Potential: 7400 ft3/ ton
I Concentration of Methane in Gas: 50 %
I Radius of Influence/ \Vell: 200 ft
I Vacuum Pressure at Wel |l head: 10 in we
I Tenperature of Landfill Gas: 110 °F
' Landfill Gas Viscosity: 2.8E-7 I bs.sec/ft?
I Landfill Gas Density: 7.6E-2 I bs/ft3
Figure E-1 illustrates the Mbdel Landfill Base G ade Pl an.
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Esti mate Vol une of Refuse in Landfil

Assunpti ons:

I Pre-landfill
are avail abl e,

devel opnment topography and final topography

see E-1,

' No historical records are available for estinmating rate of
filling at the site

Met hodol ogy:

I Calculate landfill
desi gn software

vol une using geonetry or conputer-aided

I Estimate in-place volunme of refuse based on ratio of

wast e: cover materi al

I Estimate tonnage of refuse based on estinmated refuse

density

Cal cul ati ons

Compute landfill volunme using conputer aided design (CAD)

sof t war e.

Dat um (DTM) to Dat um Vol une

Cut and Fill Vol unes
CAD Qut put
Shrinkage/swell factors: Cut: 1.0000 | Fill: 1.0000
Original DTM Final DTM
Layer Name # of Points Layer Name # of Points
EG 176 FG 400
Cumulative Cumulative
Cut Volume (CY) Cut Volume Fill Volume (CY) Fill Volume
0.0 0.0 872,826.6 872,826.6
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Vol une of Refuse Cal cul ati on:

Total curmul ative fill volunme = 872,827 CY

Assumi ng a-12" internediate/final cover is currently
constructed across entire landfill area.

-Vol une of I nternedi ate/Final Cover:

620,000 ft2x Ift x CY = 22,962 CY
27 ft3

Assuming there are 6 | ayers of refuse.

-Total cover materi al:
22,962 CY X 6 - 137,772 CY

-Vol une of Refuse:

872,827 CY - 137,772 CY = 735, 055 CY
Assum ng refuse density of 800#/ CY (poorly conpacted)
- Tonnage of refuse:

735,055 CY x 800# x lton = 294,022 ton
Cy 2000#

Assum ng regul ar increnment of refuse displacenent over 15
year life of landfill.

- Annual refuse acceptance to landfill:

294. 022 ton = 19, 600 ton/yr
15 yr
The Mbdel Landfill Final Fill Plan is illustrated in Figure E-2.
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2. Estimation of Landfill Gas Generation
Assunpti ons:

Wast e conposition can be approxi mated by average
muni ci pal waste conposition data conpiled by the U S
EPA

Landfill setting is a hum d environnent establishing
conditions affecting biological degradation

Landfill gas generation is due principally to anaerobic
bacteria and can be sinulated by first order kinetics

Met hodol ogy:

Use Scholl Canyon Mddel assum ng waste was deposited in
equal increnments annually over the active life of the
[ andfil |

Assune refuse was deposited at regular increnments over
the 15-year period

3. (Gas generation rate cal culation

Method 1: SCHO L CANYON MODEL

Formula: Q= 2*[k*L*Rl exp(-K*(t-1ag))]

wher e:

Q
L

—~ x

= landfill gas generation rate @tine t (ft3yr).

= potential gas generation capacity of refuse
(ft3/ton)
annual refuse acceptance rate in landfill (tons/yr)

gas generation rate, or refuse decay rate (1/yr)
time since refuse placenent (yr)
tinme to reach anaerobic conditions (yr)
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Year
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

Year cl osed
Current Year
Time Since Cosure
Avg. refuse

Time Since
Ref use pl acenent
20
19
18
17
16
15
14
13
12
11
10

TOTAL ANNUAL CURRENT
PRODUCTI ON

O OO O0OOCORRFRPRFRPFRPPPFPOOOONNOOOO

CGener ati on Date
1995

. 22E+06
. 66E+06
. 13E+06
. 64E+06
. 19E+06
. 7T9E+06
. 44E+06
. 14E+06
. 91E+06
. 07E+07
. 16E+07
. 26E+07
. 36E+07
. 48E+07
. 60E+07
. O0E+00
. O0E+00
. O0E+00
. OOE+00
. OOE+00

00E+00

1.46x108 ft3 yr
4. 13x10°m?/ yr
7.86n%/ mn
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1990

1995

5

18, 620 ton yr
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4. Radi us of Influence/ Well System Layout &

Assunpti ons:

I No pilot scale test data is available

Met hodol ogy:

1 Use EPA default dianeter of influence of 200

I Divide landfill area by area of influence of one well to
obtai n nunber of wells

Establish layout of wells using the estimted coverage
of each well predicted by the 200" dianeter of influence

VWll System Layout Cal cul ation:

Assune:

Surface Area = 620,000 ft?

D aneter of |Influence = 200 ft

Area of Influence = Bd?= B(200)2 = 31,400ft?
4 4

Nunmber of Wells Required = Area of Landfill
Area of Influence
= 620 000 ft2= 19.74 say 20 Wlls
3l,400ft?2

Well System |l ayout is presented in Figure E-3.
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Radius of Influence Equation - Intrinsec Permeability

Wells |
Input Variable Unit G-12 G-16
Landfill Depth, L ft 65 45
Landfill Capacity, M Ibs 5.59E+06 5.59E+06
Screen Length, WD ft 55 35
Ratio of well depth to landfill depth, WD/L ft/ft 0.85 0.78
Efficiency of Collection, Ea % 100 100
Flowrate, Q cfm 277 277
Viscosity of landfill gas, mu Ib min/ftA2 4.21E-09 4.21E-09
Density of refuse, rho Ib/ftA3 29.63 29.63
Extraction well radius, r ft 0.75 0.75
Maximum well vaccuum (gage), Pv Ibs/ftA2 26.02 26.02
Internal pressure of landfill (gage), P! Ibs/fth2 21.2 21.2
Radius of Influence, R ft 100 100
Output Variable
Intrinsic permeability of refuse, k ftA2 (m*2) 4.07E-08 4 43E-08
EQUATIONS: T (i -PvwayPu= (R72 ) ma ho G Ea)l M k (WDIL)
solve for k; k = (R*2 In(R) mu rho Q (EaH00))/((PI"2 - PvA2)/Pv) M (WDIL))

E- 10
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6. Sizing of Header Pipe in Gas Coll ection system

Assunpti ons:

I M ni mum pi pe dianeter is 4 inches
1 Pipe is constructed of HDPE or simlar polyner

Met hodol ogy:

1 Estimate cunul ative gas flow rates for each | ength of
header

Estimate di anmeter of header assum ng use of a m nimum
vel ocity through the header system (2000 ft/s)

Di vide cunul ative gas flow rate for each | ength of
header by 2000 ft/s to establish the dianeter of the

pi pe
Cal cul ati ons:

The Gas Extraction Well System Cal cul ati ons can be found on
pages E-12 thru E- 14.

7. Sizing of Landfill Gas Bl ower

Assunpti ons.

I Gas paraneters as noted above

1 Rel ati ve roughness of HDPE pi pe can be approxi mated by
the relative roughness of "snpboth pipes"” on the Mody
Di agr am¥,

I Fittings | osses as obtained from manufacturer's data

Met hodol ogy

1 Cal cul ate the velocity through each header section

1 Cal cul ate velocity head for each header section

1 Estimte head | oss due to friction for each header
section

Estimate vacuum at the well head using figure E-4

Estimate fitting | osses

E-11
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Gas Extraction well System Cal cul ations
Met hodol ogy:
I Total |osses for collection system

1 Estimate | osses for treatnment system and establish
delivery pressure for treatnent unit

Cal cul at e horsepower requirenent for the blower from
total |osses

Use manufacturer's information to select blower that can
meet both head and flow rate requirenents

Cal cul ati ons:

Cal cul ations for sizing are shown bel ow and on the foll ow ng
pages.

Mot or Horse Power Requirenents:

= QTOT (APTOT) (8)
S¥ " 3.1536 x 107 (.65)
Qror = 1.46x10°¢t° X m = 4. 13x10°n?
yr 35. 31ft?3 yr
)Pror = landfill cover pressure drop + pipe header |osses +

treatment system/| osses, asunmng 5 in.wc

10in.we/well x 20wells + 1.22 + 1.69 + 5 = 207.91 in.w

= 207.91 in.we Xx 10°N. m? = 20,380 N. m?
1020i n. we
W, = (4.13 x 10°nf x 20,380 N.m?)/3.154x107x0.65) = 4,111 Watts
4 111 Wx _HP = 5.5 HP
746 W

El ectric nmotors cone with standard sizes, 5 7.5 HP
therefore use 7.5 HP notor.

Bl ower specification: 175 cfm @7.5 HP (add 1 bl ower as
spare)

E- 16
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H-C’ HEADER SECTION REFERENCED IN CALCULATIONS

LEGEND
GAS EXTRACTION WELL
SUMP
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MONITORING STATION
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8. Condensate CGeneration Rate

Assunpti ons:
I Landfill gas is saturated with noisture
I Landfill gas paranmeters as noted above

Climtological data for the site indicates an average
anbi ent air tenperature of 55 °F

Landfill gas density is sufficiently simlar to air to
use psychonetric charts devel oped for air saturated with
wat er

Landfill gas condensate density is sufficiently simlar
to water to use psychonetric charts devel oped for air
saturated with water

Met hodol ogy:

Determ ne humdity and specific volunme for air saturated
wth water for each tenperatures ranging fromthe
assuned average anbient tenperature to the nmaxi mum
system t enperat ure

Cal cul ate the concentration of water (condensate)
entrained in the air (gas)

Cal cul ate the volune of water (condensate) extracted per
unit time for the design gas flow rate

Det erm ne the maxi num vol une of water (condensate)
produced per unit tinme as averaged for the year

Cal cul ati ons:

Cal cul ations for the Mddel Landfill - Condensate Generation
can be found on the foll ow ng page.

Lat eral header statenment used for the calculations is
illustrated in Figure E-5.

E- 18



17 APR 95

ETL 1110-1-160

99°16
oT'LL
SEY9
96°CS
06'Cy
[AtR4%
£T'9C
ov'6l
wel
¥T'8

vL't

Kep/suopyed
‘PISUdPUODISIEM
joswnjop g

LLTI
1€°86
%
L0'vL
109
el'ss
ve'Ly
IS0y
798 4
114
8 ¥
e

Kepysuoqed
‘pajoRIIXT IJeM
Joswnop 7

€0oLL'E
€096T°¢
£0-998°C
€0-98Yy°C
€0°p1°T
£€0948°1
€0-986°1
€0-99¢°1
€0-991°7
P09LR6
¥021E'8
¥0990°L

UONBIIUDU0D
BLREM T

SIL'ST T£650°0 011
68€°S1 19050°0 $01
£€80°ST Tiey0'0 001
Y08°v1 899¢0°0 $6
LyS' vl SI1E0°0 06
60€'v1 6£920°0 $8
88071 1£220°0 08
788°¢1 188100 SL
889°¢1 18510°0 oL
Y0S°el 9Z€10°0 <9
6ce’el 801100 09
Lrel £600°0 ss
(o2}
‘[OA “oodg Anprung ameradwa g, H

*520130p GG 18 PAORIIXT JOlBAN JO SWIN[OA - S3ITop X 18 PIPRIIXT JOJBAL JO SUWIN[OA = (Kep/suo[[ed) Pasuspuo)) Isjepp JO QWIN[OA ‘€

(#/suoyj83) T1°0 & (Avp/soInuiil) gpp] & (WJO) ANBIMOY 5 JIB 1M Y NO/INEM # = (Auvp/suofjed) pajoriXy Iep JO SWIN[OA °T
(e L1p /me 1om Y no) swnjop oywadg/(ate L1p Frroem F) AUpiuny = (I8 oM Y NO/ISEAM §) UONBNUIOUOD IMBM |

J91BM Jo ANSUDP = 91BSUSPUOD Jo AIsusp

:suonEnodE)
8uidid vt g souBop g
Aypruny 2anepas % 001

uyo €L LQUINSSY

SNOILVTINDTVD NOILLVIINID dLVSNEANOD
TTHANYT TAAONW



